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Abstract 
Educational technology is used to increase the efficiency of education in educational settings.  Computers and related technology 
are viewed as the future of teaching and learning and also as a powerful technological machine to promote development of 
learning. There are many researches that have been conducted using computer technology in teaching and learning mathematics.  
However, the findings of these researches are not consistent. This paper will discuss the effectiveness of using two different types 
of computer technology on the achievement of students in Calculus. Specifically, this paper will discuss the effectiveness of 
SAGE, MACCC and traditional tutorial approach on the achievement of diploma students in the topic of limit. This research is a 
quasi-experimental research involving students from three groups assigned to a control group (28 students), SAGE group (24 
students) and MACCC group (23 students). The SAGE and MACCC groups are defined as two treatment groups. The statistical 
analysis revealed that there is a statistically significant difference between students’ achievement in the control, MACCC and 
SAGE groups.  Findings indicate that students using computers have better performance compared to control group.  However, 
there is no significant difference between SAGE and MACCC group. This research implies that computer could be used as a tool 
in teaching and learning calculus especially during tutorial class.  
© 2010 Elsevier Ltd. 
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1. Introduction 
 Educational technology is used to increase the efficiency of education in educational settings.  Computers and 
related technology are viewed as the future of teaching and learning and also as a powerful technological machine to 
promote development of learning.  Computers are able to create a more attractive and effective learning 
environment.  There are many types of educational software that could be found in the market today. This includes 
drill and practice, tutorials, simulations, supplementary exercises, programming, database development and other 
applications. All of these terms may refer to either standalone computer learning activities or computer activities 
that reinforce material introduced and taught by teachers.
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 Technology has many different effects on education specifically in enhancing students learning (Rohani, Ahmad 
Fauzi, Kamariah and Aida Suraya 2008).  When technology and appropriate teaching methods are integrated in 
teaching and learning, a positive impact may be observed in both the cognitive and affective domains.  The different 
opportunities that the technology provides for improving classroom instruction have been clearly seen in 
mathematics education.  The National Council of Teachers of Mathematics (NCTM) challenges teachers of 
mathematics to use technology in teaching and learning mathematics (NCTM, 2000).  However, NCTM emphasizes 
that technology should not replace the mathematics teacher.  The teacher plays several important roles in a 
technology-rich classroom, making decisions that affect students’ learning in many important ways (NCTM, 2000). 
The usage of technology as a tool or a support for communicating with others allow learners to play an active role 
rather than the passive role as recipients of information transmitted by a teacher, textbook or broadcast.  Many 
educators believe that computer technology has the power to demonstrate ideas and provide enrichment that are able 
to go beyond what teachers can provide.  Computer technology also encourages students to think actively about 
information, making choices and executing skills that are typical in teacher-led lessons (Rohani et. al., 2008).
 There are many researches that have been conducted using computer technology in teaching and learning 
mathematics.  Most of these researches involved using mathematical software such as MAPLE, MATHEMATICA, 
Geometer Sketchpad, MATLAB, Derive and handheld technologies such as graphic calculator.  Meanwhile, some 
researchers use tutorial software compared to traditional tutorial.  Tutors monitor how the student determines the 
solution to a problem which includes the process and understanding of the topic. Hence, a tutor can instantly see 
many characteristics as to why a student does not understand the material. Software programmers create their own 
packages based on this idea of task sequencing.  These programs assume many inferences in their programs that will 
lead to prescriptions for the student is progress. The questions used are based on skills that the student must master 
before proceeding to the next lesson. The task is made more difficult when the program may need a combination of 
questions to be answered. A computer program can only get its prescription based on the data it collects and the 
inferences it makes.  
 The results of using computers to assist in the instruction of mathematics have been mixed.  Heid (1988) 
designed a calculus course that utilized Computer Algebra System (CAS) for the first 12 weeks of the semester 
leaving the last three weeks for development of manipulation skills. The results indicated an increased in the 
conceptual understanding without a decrease in procedural skills.  A second study used computers to tutor students 
in three different topics of a college algebra class (Tilidetzke, 1992). The study showed no significant difference 
between the group receiving tutoring assistance and students who did not receive assistance. Research by 
Maggalames (2003) shows there is a significant difference between students using mathematics software and control 
group where students in treatment group achieved higher score.  Bastruk (2005) also found that students learn 
statistics using mathematics software had a better performance compared students in control group.  This is because 
of they have a better understanding on statistics concepts and practices. 
1.2. SAGE Software 
SAGE is an open source Mathematics Computing Environment (MCE) for performing symbolic, algebraic, and 
numerical computations. SAGE can be downloaded free at www.sagemath.com.  SAGE is mathematics software, 
works like MATLAB, MAGMA, Maple, and MATHEMATICA (Hickey, 2007; Borwein & Bailey, 2004).  SAGE 
software is used from a huge range of mathematics such as algebraic, calculus, number theory, cryptography, 
numerical computation, and others.  Before students can use SAGE software, students need to understand and use 
some basic syntaxs which can be downloaded from the website.  In this study, students were exposed for two weeks 
with SAGE software including trying several syntaxs before the real experiment is conducted.  Diagram 1 shows 
several snapshots taken by using the SAGE software. 
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Figure 1 : SAGE software 
1.3. Mastering Calculus Computer Courseware (MACCC) 
 MACCC is a tutoring courseware to help students master calculus concepts.  MACCC, which incorporates 
mastery learning concepts and strategies, designed to take into account individual differences among learners in 
such a way to help students master the concepts that they have not mastered yet.  MACCC consists of five modules, 
which are the diagnosis module, explanation module, exercise module, and exploration module. MACCC starts with 
users choosing what topic they choose to master followed by a diagnosis test (refer Diagram 2). 
Figure 2: Diagnostic Test Module 
Users without the mastery of certain concepts (70% correct) need to do a reinforcement module (refer diagram 3) 
while the enrichment module (refer diagram 4) is for those who had mastered all the concepts in the tutorial 
selected.
Figure 3: Enrichment Module                  Figure 4: Reinforcement Module 
During the reinforcement module, users will be given an explanation on the related concepts. After finishing the 
explanation module, users will be given questions related to the concepts. Again, users have to achieve scores of 
70% to proceed to the next concept, which they have not mastered or go directly to the exploration module.   
2. Research Objectives 
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 This paper will give a brief description on two different types of computer application which is SAGE and 
MACCC in tutoring calculus.  An experimental test was conducted among the three groups to test the effectiveness 
of both computer applications. The test is only based on the topic of limit. The first group (TRAD) will follow 
calculus tutorial using traditional method which uses handouts and Microsoft Power Point presentations. As for the 
second group, SAGE was used during the tutorial class while group three used MACCC in their tutorial class 
activity. This paper also discusses the effectiveness of using computer application for all the groups.  
3. Research Methodology 
3.1. Samples 
Participants involved in this research were the Preparatory Program for Overseas University students in 
Universiti Tenaga Nasional (UNITEN).  These students were enrolled in a fundamental calculus course.  This study 
was conducted using the quasi experimental design which comprised of three groups from a similar programme 
consisting of the control group labelled as Group TRAD (n=23 students) and two treatment groups which is labelled 
as Group SAGE (n=24 students) and Group MACCC (n=22 students). According to Green (2000) and Gay (1985), 
the minimum number of samples needed for experimental studies is fifteen. A Mathematics test was administered on 
the participants in order to obtain the achievement scores. The test consists of eight questions related to limit topics.  
Marks were given based on the accuracy of the steps showed in order to get the correct answer.
3.2. Research Procedures 
The duration of the experiment was five weeks.  In the first week, students from SAGE and MACCC groups were 
given a brief description on both computer applications that they will be using during the experimental period.  This 
is to familiarize the students with the features in both computer applications especially SAGE software. During the 
experimental period, for the control group, the lecturer handled the tutorials in the tutorial room using handout and 
Microsoft Power point. Meanwhile, for the treatment group, lectures were conducted with the aid of a computer and 
LCD and the tutorial sessions were done in the computer laboratory. The achievement test was conducted after the 
experimental session.   
4. Findings 
The achievement test is based on the score that every student had achieved at the end of the experiment. The means 
and standard deviation for the achievement test for all three groups are shown in Table 1. 
Table 1 : Mean and Standard Deviation For All Three Groups
Group Numbers of Students Mean (M) Standard Deviation (SD) 
TRAD 23 38.70 13.23 
SAGE 24 56.67 15.65 
MACCC 22 55.80 11.11 
 Referring to Table 1, Group SAGE scored the highest mean (M = 56.67, SD = 15.65) followed by Group 
MACCC (M = 55.80, SD = 11.11).  Group TRAD scored the lowest mean (M = 38.70, SD = 13.23) compared to the 
other two groups.  A one-way ANOVA analysis was used to compare the mean scores of the achievement test 
among the three groups. The results are as shown in Table 2. Table 2 indicates that there is a significant difference 
in the test achievement scores among the groups [F(2,72) = 12.938, p = .000]. 
Table 2 : ANOVA test Results
Sum of Squares DF Mean Square F Sig
Between Group 4733.757 2 2366.879 12.938 .000 
Inner Group 12074.032 66 182.940 
Total 16807.790 68
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 Post hoc comparisons using Scheffe test was conducted to identify specifically the groups which differ in the 
achievement test. The results are shown in Table 3.  
Table 3:   Scheffe test results
Group (I) Group (J) Sig 
TRAD SAGE .000 
TRAD MACCC .000 
 *The mean difference is significant at the .05 level. 
Table 3 shows that Group SAGE (M= 56.67, SD= 15.65) and Group MACCC (M= 55.80, SD= 11.11) scored 
significantly higher than those in Group TRAD (M= 38.70, SD= 13.23).  However, there is no significant difference 
between Groups MACCC and SAGE. The findings indicate that students who were exposed to MACCC and SAGE 
performed better than those in the traditional class.  
5. Discussion 
Using technology is essential in teaching and learning mathematics.  Many researchers have been conducted on 
the effectiveness of using computer technology in teaching and learning mathematics.  Most researches are either 
using mathematical software in market (e.g. MATHEMATICA, Geometer Sketchpad, and MATLAB) or using 
software built by them. This research is all about comparing a tutoring calculus mathematical courseware that was 
built by the researcher with open source mathematics software which is free to use to the traditional method. 
MACCC was built based on the skills that the students need to master; meanwhile SAGE is mathematical software 
for students to explore and visualize calculus concepts.  The finding of this study shows that students who were 
exposed to the computer software (SAGE and MACCC) during the tutorial class benefitted as they scored better 
than students in the traditional group. Finding by Tilidetzke (1992), Maggalames (2003) and Bastruk (2005) also 
showed that students using mathematics software have a better score compared to students in control groups.
However, findings did not show any significant difference between MACCC and SAGE.  
These findings indicate that the use computers had influenced the students’ achievement. This research suggests 
that lecturers use MACCC or SAGE as an alternative tool to help diversify their teaching approaches especially in a 
mathematics tutorial class.  In the past, there had been a lot of talk about money being their main constraint when it 
comes to implementing technology in their teaching as well as the fact that they don’t have the expertise to develop 
one. However, with the introduction of an open source software such as SAGE, educators can now integrate 
technology in the mathematics class. 
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